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Introduction 

The regeneration of iesioned fibre tracts is very limited or absent in 
the mature central nervous system (CNS) of humans and higher 
vertebrates (Ramon y Cajal, 1928; Schwab and Bartholdi. 1996) 
However, transplantation experiments in which pieces of peripheral 
nerves or embryonic CNS tissue were grafted into the Iesioned adult 
CNS showed the capacity for many of the CNS neurons to grow mto 
the grafts, suggesting that, in principle, adult CNS neurons are able 
to re°enerate (Tello, 191 1; David and Aguayo, 1981; So and Aguayo, 
1985: Tuszynski and Gage. 1992; Bregman et al. 1 993). Furthermore, 
in the myelin-free spinal cord (obtained by X-irradiation of newborn 
rats or by immunoevtotysis) regeneration of some axons over long 
distances could be observed (Savio and Schwab. 1990; Keirstead 
et al 1992) These results, as well as in vitro studies (Carom and 
Schwab 1988a; Schwab and Caroni, 1988) indicate that oligodendro- 
cytes and their product, CNS myelin, contain components with 
inhibitory properties for neurite growth and regeneration. Monoclonal 
antibodies (mAbs) were raised against a high molecular weight 
traction of rat CNS myelin with potent neurite growth inhibitory 
activity. One of these antibodies, IN- 1, was able to neutra ha t oe 
neurite oowth inhibition of CNS myelin (Caroni and Schwab. 1988b) 
In vivo' after lesioning the spinal cord of rats. mAb IN-1 induced 
long-distance regeneration of corticospinal tract fibres (Schnell and 



Schwab, 1990; Schnell etal, 1994). Recently, pronounced behavioural 
improvements have been demonstrated in these mAb IN-l-treated, 
spinal cord-lesioned rats (Bregman el at. 1993). These studies imply 
an essential role of the microenvironment, in particular of the 
inhibitory LN-1 antigens present in CNS myelin, in the ability ot 
Iesioned nerve fibres to regenerate in the adult brain and spinal cord. 

In vitro, clear inhibition of adhesion and neurite outgrowth was 
shown for neuronal cells that were seeded onto ciyostat sections of 
CNS tissue, especially on densely myelinated areas (Carbonetto el al, 
1987- Crutcher, 1989; Savio and Schwab. 1989; Watanabe and 
Murakami. 1990; Sagot et al, 1991; Tutde and Matthew. 1991). 
These results are consistent with the potent growth cone collapse- 
inducing effects of cultured oligodendrocytes and CNS myelin in 
primary neuronal and neuroblastoma cells (Fawcett et al, 1989; 
Bandtlow et al, 1990). The mAb IN-1 was also able to neutralize 
the inhibitory properties of cultured oligodendrocytes and isolated 
CNS myelin in vitro (Caroni and Schwab, 1988b; Bandtlow et al, 
1990). Subsequent biochemical characterization indicated that, in rats, 
two membrane-bound proteins of molecular masses 35 and 250 kDa 
strongly inhibit 3T3 fibroblast spreading and neurits growth and cause 
the coilapse of neuronal growth cones (Caroni and Schwab, 1988a; 
Bandtlow et al, 1993; Igarashi et al. 1993). 
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The presence of negative signals in CNS myelin, resulting in the 
repulsion of growth cones and inhibition of the regrowth of neurites, 
has been found in many higher vertebrates, such as the opossum, 
cattle, and the chicken (Keirsteadtfra/., 1992; Rabin** aL 1995; Varga 
et at., 1995). Interestingly, the CNS myelin and oligodendrocytes of 
the adult Xenopus spinal cord (which do not show regenerative 
capacity), but not of the optic nerve (which is permissive to regenera- 
tion after axotomy), contain neurite growth inhibitors and stain 
positive with mAb IN-1 (Lang et aU 1995). It was further shown for 
Xenopus, the opossum and cattle that the rat mAb IN-1 was able to 
neutralize the inhibitory properties of CNS myelin in various in vitro 
and in vivo assays (Lang et al y 1995; Rubin et aL t 1995; Varga 
et aL* 1995). 

Fot adult human CNS tissue, as for other higher vertebrates, non- 
permissive substrate properties for neurite growth are expected but 
so far have never been shown. Here we demonstrate that myelin from 
different areas of the human CNS is a non-permissive substrate for 
neurite outgrowth of PC12 cells and 3T3 fibroblast spreading. It also 
causes growth cone collapse. All three activities can be neutralized 
by the mAb IN-1. Further biochemical analysis indicated that a high 
molecular weight protein is responsible for these inhibitory effects. 

Materials and methods 
CNS myelin preparation 

Human spinal cord, cerebellum, frontal lobe and brainstem were 
obtained 12 h post-mortem from a 71 -year-old female who had no 
history of neurological disease and had died from a cardiovascular 
disorder. Bovine spinal cord was obtained from the local slaughter- 
house. CNS myelin from both sources was prepared as described 
(Carom and Schwab, 1988a). Briefly* following removal of the 
meninges, spinal cord tissue was homogenized on ice in 20 mM 
HEPES, pH 7.4, supplemented with 0.25 M sucrose and a protease 
blocker cocktail containing (final concentrations) 1 mM EDTA, 
2.5 mM iodacetamide, 1 mM phenyl methyls ulphononyl fluoride. 
0. 1 ,ug/ml aprotinin, i fig/ml leupeptin and 1 |ig.'ml pepstatin A. CNS 
myelin was isolated by centrifugation (100 000 g, 14 h, 4°C) on a 
discontinuous sucrose density gradient and was collected at the 
interphase of 0.25 and 0.85 M sucrose. The myelin was subjected to 
hypo-osmotic shock by two washes with water (20 ml water per ml 
myelin), subsequently resuspended in 10 mM HEPES, pH 7.4 
containing the protease blocker cocktail, and stored for up to 3 
months at -70°C. 

Preparation of myelin proteins 

CNS myelin was centrifuged at 100 000 g for 1 h at 4°C and the 
pellet (1 volume) was homogenized in two volumes of extraction 
buffer [60 mM CHAPS (3-[(3-choiamidopropyl)-dimethylammonio]- 
1 -propane sulphonate), 100 mM Tris-Cl, pH 8.0, 10 mM EDTA pH 
8.0, protease blocker cocktail] and extracted for 10 min at 4 D C on a 
rotary shaker. After pelleting the insoluble material (100 000 1 h, 
4°C) the ciear extract could be stored at -20°C for up to 1 week. 
This extract contained most of the inhibitory activity of myelin. 
Activity could be further enriched by column chromatography on an 
anion exchange column (Rubin et al, 1995). Inactive fractions were 
taken as controls. 

Reconstitution of inhibitory proteins in liposomes 
Liposomes containing CNS myelin proteins were prepared with a 
few modifications as described (Brunner et al, 1978). Briefly, a 10- 
fold excess (wet wt) of phospholipids (phosphatidylcholine) in chelate 



buffer (2.5% cholate, 30 mM HEPES buffer, pH 7.4, with protease 
blocker cocktail) was added to 100 ui of extracted myelin proteins 
(1 mg/mi). The lipid-protein mixture was dialysed (cut-off pore of 
5 kDa) against PBS for 24 h at 4°C, stored at 4 C C, and used within 
t week. In order to increase the density of the liposome solution, 
50 jil of 1% methocel in Hank's solution was added to the mixture 
prior to the assay. 

Get analysis of inhibitory proteins from CNS myelin 
CHAPS-extracted human CNS myelin proteins were separated by 
electrophoresis with a sodium dodecyi sulphate (SDS) 6% (wt/vol) 
polyacrylamide gel under reducing conditions according to the method 
of Laemmli (1970). Gel regions between 0 and 100, 100 and 200, 
and 200 and 300 kDa were cut out using a coloured molecular 
weight marker (Rainbow™, Amersham) as a reference. Proteins were 
passively eluted overnight at 4°C from the gel stripes in the presence 
of the CHAPS extraction buffer. The eluted proteins were subsequently 
tested for inhibitory activity in the PC 12 neurite outgrowth assay. 
Protein determination was carried out by the method of Bradford 
(1976). 

3T3 spreading assay 

CHAPS-extracted myelin proteins were coated on four-well culture 
dishes (well area corresponding to 1 cm 2 ; Greincr, Niirtingen, 
Germany) overnight at 4°C at different protein concentrations (20, 
10 and 5 u.g/weil). Control dishes were coated with extraction buffer. 
After washing the dishes twice with Ca 2+ /Mg 2+ -free Hank's balanced 
salt solution, 6000 3T3 fibroblasts (NIH 3T3, from American Type 
Culture Collection) in 70 \l[ Dulbeeco's modified Eagle's medium 
(DMEM) (Gibco/BRL, Gaithersburg, MD) with 10% fetal calf 
serum (FCS) (Biological industries. Kibbutz Beth Haemek, Israel). 
100 U/ml penicillin and 0.5 mg/ml streptomycin (PS) (Gibco/BRL) 
were plated on each well. After i h incubation at 37 C C the cultures 
were fixed in isotonic formaldehyde solution (3.7% formaldehyde, 
10 rnM HEPES buffer, pH 7.0, 5% sucrose). The number of inhibited, 
round cells was compared with the total number of celts in five 
randomly chosen areas of each well. Every experiment was performed 
in duplicate. 

Monoclonal antibodies IN- 1 {Carom and Schwab, 1988b) and 01 
(Sommer and Schachner, 1931) were produced by hybridoma cells 
grown in DMEM with 10% FCS and PS in tissue culture flasks. For 
the treatment with monoclonal antibodies IN-1 and Ol, the CNS 
myelin coated dishes were washed twice with Ca 2+ /Mg 2+ -free 
Hank's balanced salt solution followed by incubation with undiluted 
hybridoma supernatant (100 ul/cm 2 ; 1-10 \ig antibody/ml) containing 
either antibody for 30 min at 37'C. After removing the solution, 
6000 3T3 cells per cm 2 (in 100 uJ medium containing 50% hybridoma 
supernatant) were plated on the dishes and incubated for 1 h at 37°C 

PC 12 neurite outgrowth assay 

The PC 12 neurite outgrowth assay was performed as described (Rubin 
et al t 1995). PC12 cclis [die subclone mat responds rapidly to nerve 
growth factor (NGF) and grows independently of laminin; Hempstead 
et aL 1992] were grown in RPMI 1640 medium (Gibco/BRL) with 
10% horse serum (Seralab, Sussex, UK), 5% FCS and PS and 
pretreatcd v/ith 100 ng/ml NGF (Harlan Byproducts, Indianapolis. 
IN) for 2 days prior to the outgrowth assay. CNS myelin-coated 
dishes were prepared as described above and 4000 PC 12 cells either 
in 100% RPMI 1640 containing 100 ng/ml NGF or in 50% RPMI 
1640 containing 200 ng/mi NGF and 50% hybridoma supernatant 
were plated on the dishes. After 24 h the cells were fixed in 3.7% 
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fcrmaldehyde. 10 mM HEPES buffer. pH 7.0. with 5% sucrose. The 
Ventage of PC12 cells with neurites longer than the diameter of 
fhtccli body compared with the total number of cells in five randomly 
« fields was determined The assay was done in duplicate for 
S experiment; -150 cells were evaluated per well (1 well = cm ). 

P012 growth cone collapse assay 

Pnux thousand PC12 cells were plated on uncomed culture dishes i and 
Swn in RPMI 1640 containing 100 ng/ml NGF until 60-80% of 
L c-lls had formed long neurites with growth cones (2 days), 
enures were then placed on a heated stage (37°C) and monitored 
trough an Olympus inverted microscope (IMT-2). About ten conunu- 
Mi ously moving growth cones were selected for further observations 
and 80 ul of the liposome-methocel mixture containing ~3 tig myelin 
proteins was added to 2 ml medium. Growth cones were observed 
for -60 min and photomicrographs were made every 2 mm with a 
charge-coupled device (CCD) camera. After 1 h, collapsed and 
uncollapsed growth cones were counted. 

Statistical analysis 

All data are expressed as mean ± SD. Statistical analysis of all data 
was performed according to the one-tailed, paired Student's / test. 

Results 

Human spinal cord myelin inhibits PC12 neurite outgrowth and 
3T3 cell spreading, and causes collapse of PC12 growth 
cones 

Culture dishes were incubated with different amounts of human 
spinal cord myelin proteins (20, 10, 5 U-g), or with extraction 
buffer alone as a control. For antibody experiments the coated 
culture dishes were preincubated either with rnAh IN-1. against 
ths myelin-associated neurite growth inhibitors, or with mAb Ol, 
which recognizes myelin-specific glycoiipids (mainly gaiactocerebro- 
side) as a control. PC12 cells or 3T3 fibroblasts were plated on 
the pretreated dishes. In the PC12 neurite outgrowth assay cells 
were attached to control substrate, and then 70 ± S% {n - 3) ot 
vhe cells formed neurites over 24 h. The presence of mAb IN-1 
or control antibodv OI did not influence this , result (Fig. 1A). 
Increasing amounts of human myelin proteins inhibited neurite 
outgrowth in a dose-dependent manner (Fig. 1A), leading to 
stonificant (P < °- 01 ) inhibition at 5 jig/cm 2 and complete 
inhibition of neurite outgrowth at 20 myelin proteins/cm . This 
inhibition of PC12 neurite outgrowth by human myelin could be 
very significantly (P < 0.001) decreased to control levels by mAb 

IN-1 (Fig. 1A). u ^ 

About 75 £ 4% (it = 8) of the 3T3 cells were attached within 
1 h and spread on the control substrate, leading to flat, round or 
poly-onal fibroblast morphologies (Fig- IB). Identical results were 
obtained in the presence of mAb Ol or IN-1. Id contrast, on the 
human myelin-coated culture dishes 3T3 cell spreading was 
inhibited in a concentration-dependent manner (Fig. IB): 50% ol 
the cells were unable to spread on the wells absorbed with 5 tig./ 
cm 2 myelin proteins (P < 0.01). and complete inhibition occurred 
on 20 ^tg/cm 2 human CMS myelin extract. In the presence ol the 
mAb IN-1, however, the effect of CNS myelin was very significantly 
(P < 0.001) reduced and at least 50 ± 7% (n « 8) of the cells 
were able to spread on the highest concentration of CNS myelin. 
For both assays, treatment with mAb 01 had no effect (Fig. 1A. B). 

Growth cone-collapsing activity of human myelin proteins was 
tested by the application of 20 u.1 liposomes containing -1.5 ug/ml 
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Collapse response of PC12 growth cones to liposomes containing 
human CNS myelin proteins: 



hmyelin 

hmyelin+ 

mAb 01 

hmyelin+ 

mAb IN-1 

inactive 

□myelin 



Ftc 1 Human CNS myelin inhibits PC12 neurite outgrowth (A) and the 
spreading of 3T3 fibroblast cells (B), and causes the collapse of PC12 growth 
cone (C). Be eifccU of myelin are 

neutralized by the mAb IN-I. tea ow by the contro I antibody ^Ol 
(A) and 3T3 cells {B) were plated on culture dishes coated with efferent 
concentration of human spinal cord myelin protein in the P*^««™ 
IN-I or Ol. Cells were quantified after 24 fa (PC12 cells) or 1 h 3T3 ceils) 
and value, represent the mean ± SEM of four expenmems. l4™°» 
containing -3 ug human CNS myelin proteins were upcad alone or together 
with rN-for Olinto PC12 growth cones. As a control hj»»m ^co— 
-3 jag of inactive bovine myelin proteins were injected into PC12 growth 
cones°(C). Collapsed growih cones were counted aner 1 h. 
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Fto. 2. Human CNS myelin proteins cause collapse of PC J 2 growth cones, an effect which can be prevented by co-injection of mAb IN- 1. Liposomes containing 
-3 ug human myelin proteins and either control antibody 01 (A) or IN-1 (B) were applied to PC 12 growth cones. Pictures were taken 1 min before application, 
ai application time, and (in A) 10 and 20 min or (in B) 20 and 60 min after application. Scale bar, 50 urn. 



human myelin proteins to PCI 2 growth cones [the local area of the 
application corresponded to ~\Q% of the well area (0.1 cm 2 )]. Eighty- 
one percent of the observed PC il growth cones (n -21) collapsed 
wltrtin 10-20 min (Figs IC and 2 A) and the neurits*, retracted wilhin 
30-60 min depending on the si*e of the growth cones (large growth 
cones seeme-J ;o be more resistant). Of :he 22 observed growth cones, 
four (22%) collapsed in response to liposomes containing -10 ug 
inactive bovine CNS myelin proteins (used as a control, obtained from 
an inactive anion exchange column fraction) (Fig. IC). Application of 
mAb IN-1 together with the hitman myelin protein liposomes resulted 
in a 50% reduction of the collapsing effect of the myelin (Figs IC 
and 2B), whereas the control antibody 01 had no effect (Fig. IC). 

These results demonstrate that human spinai cord myelin proteins 
have a strong inhibitory effect on PC 1 2 neurite outgrowth and 3T3 
fibroblast spreading, and cause the collapse of PCI 2 growth cones. 
The effects of human CNS myelin can be neutralized by rnAb IN-1 
raised against the rat neurite growth inhibitor Ni-250, sugges;ing that 
this antibody cross- reacts with and neutralizes human inhibitory 
proteins present in the CNS myelin. 

The specific inhibitory activity of human CNS myelin was signific- 
antly (P > 0.01) higher than that of bovine CNS myelin protein: 
10 ug/cm 2 human and bovine CNS myelin proteins were compared 
in the PC 12 tieurite outgrowth and 3T3 spreading assay. Eighty-two 
percent (SEM 5%; /i = 4) of the PC 12 cells were inhibited on human 
myelin compared with 48 x 1% [n — 4) on bovine myelin <da;a not 
shown). In the 3T3 spreading assay. 85 ± 10% (n - 4) were inhibited 
on human myelin and 66 ± 4% (« = 4) on bovine myelin (data not 
shown). The presence of mAb IN-i neutralized the inhibitory effect 
of CNS myelin without ar.y significant difference among the species 
(data not shown). 

Inhibitory effect on PC 12 neurite outgrowth is due to high 
molecular weight myelin proteins 

Human spinai cord myelin proteins were separated by electrophoresis 
on a SDS 10% (wt/vol) polyacrylamide gel (Fig. 3). Proteins were 




Fig. 3. Xeurirc growth inhibitory activity is associated with high molecular 
weight proteins of CNS myelin. Human spinal cord myelin proteins (extracted 
with CHAPS) were separated on 6% SDS-PACE: gel regions (A, 200-300 
kDa; B, 100-200 kDa; C. 0-i00 kDa) were cut out (A) and the eluted proteins 
were coated on culture dishes. PC 12 cells were plated, incubated for 24 h in 
die presence of either control mAb 01 or rat mAb IN-1 and evaluated. Values 
represent the mean :r SEM of three experiments. 



eluted from the different molecular weight regions (0-100, 100- 
200. 200-300 kDa) and tested for inhibitory activity in the PC12 
neurite outgrowth assay. Proteins with molecular weight <100 kDa 
or between 100 and 200 IcDn did rtoi show any deteciahle 
inhibitory activity (Fig. 3;: 80% of me PCi2 cells formed neuriies 
and were unaffected by the presence of mAb IN-I or the control 
antibody 01. in contrast, proteins with molecular weight between 
200 and 300 kDa of human myelin were strongly inhibitory for 
PC:2 ceils: ority 17 ± 11% of the PC 12 cells formed neurites 
on these substrates. Monoclonal antibody TN-t completely neutral- 
ized the inhibitory effects of these high molecular weight myelin 
proteins of human origin. 
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Fio 4 Myelin proteins of human brainstem, spinal cord, cerebellum and 
frontal lobe have the same inhibitory effects on PC12 neurite outgrowth and 
3T3 spreading. PC12 cells (A) and 3T3 fibroblast* (3) were plated on culture 
cScT'oaJwith dlifacm concentrations (20. 10. 5. 0 US/cm', ot human 
CNS myelin from the different CNS regions. The neutralizing i effect of mAo 
was tested at a protein concentration of 10 jtg/cm- for the chosen CNS 
regions. Cells with processes (PC12. 24 h) or spread cells (3T3. 1 hj were 
quantified. Values represent the mean ± SEM of three experiments. 



Myelin from different regions of the human CNS has the 
same inhibitory effects on PC12 neurite outgrowth and on 
3T3 cell spreading 

The inhibitory activity of human myelin proteins from brainstem, 
cpinal cord, cerebellum snd frontal lobe was determined by the 
PCP neurite outgrowih aid 3T3 fibroblast assays. Different protein 
concentrations (20. 10. 5 Ug/well) of myelin extracts from ihose 
regions or extraction buffer alone (control) were precoatcd cri dishes. 
PCi2 cells or 3T3 cslls were plated on these substrates and within 
24 h (PC12 cells) or : h (3T3 cells) the cultures were stopped 
and evaluated. The inhibitory activities on PC 12 neurits outgrowth 
(Fi». 5A) and 3T3 spreading (Fig. 4B) were identical lor myelin 
derived from brainstem, cerebellum, frontal lobe and spinal cord. 
Monoclonal antibody IN-1 ns able to neutralize these inhibitory 
effects on neurite outgrowth and fibroblast spreading on each ot the 
myelin extracts (data shown for 10 ug in Fig. 4A, B). 
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Discussion 

Human CNS myelin is shown here to contain inhibitory proteins 
"prevent PC12 neurite outgrowth and 3T3 fibroblast spteadmg 
m I concentration-dependent manner. These inhibitory effects «dd 
Z neutralized by to monoclonal antibody IN-1. wh.cn was ra.sed 
fgaS^SO .^fraction from rat CNS myelin /Caromed Schwab 
1988b). Human myelin proteins also caused collapse of PC12 grow* 
cones, which couid be prevented by the application ot 
The specific inhibitory activity of human myehn was shgatly tagher 
than that of bovine myelin. Tne inhibitory activities of harm* CNS 
myelin proteins were found in the high molecular weight range. 
Sween P 200 and 300 kDa. Myelin from ^^%J^ 
showed the same inhibitory effect on PC12 cells and 3T3 fibrobla.^ 
suggesting that there were no major regional differences in the 
inhibitory substrate effect of myelin. „ 
Earlier studies showed that rat CNS myehn contains two cell 
surface-associated proteins of 35 kDa (NI-35) and 250 kDa (NI- 
250). which are mainly responsible for the 

properties of rat oligodendrocyte* and their produc. CNS myehn 
and for the coUapse-mducing effect on neuronal grow* cones (Carom 
£d Schwab; 1988a. b; Savio and Schwab. 1989; Bandtlow et al, 
1990; Bandtlow et «t. 1993; Igarashi e, oL 1993). A monoc tonal 
antibody raised against NI-250 (mAb IN-1) could neutralize ihese 
inhibitory properties in vitro and allow regeneration of les toned nerve 
fibres in the ra, spina! cord and brain in *o (Scbnell and Schwab 
1990 1993; Schnell et al. 1994). IN-l antigens are restricted to CNS 
myelin and are not detectable in peripheral nerves (Rub.n et al. 
1994) Interestingly, the neuriie growth inhibitory activity of mye in 
of the spinal cord of the opossum, Xenopv and cattle can be also 
neutralized by mAb IN-1 (Lang et al, 1995; Varga « .995; 
A. A. Spillmann. C. E. Bandtlow and M. E. Schwab, unpublished.. 

The results of the present study show that human CNS myelin 
Proteins exert significant inhibition of PC12 neurite outgrovvm and 
VT3 cell spreading at a concentration of 5 \l$ V» cm- culture wsh 
and totally inhibit the outgrow* and spreading at 20 ug per cm-. 
Biochemical studies show that the active, inhibitory J" ™ 
and bovine myelin represent a very minor part of the CHAPS-soWe 
myelin proteins (Caroni and Schwab, 1988a; Sot Hm-m « «J. 19,d)_ 
Human CNS myelin proteins also induced collapse of PC 1 2 growth 
cones as well as growth cones of dorsal root ganglia (A. A. Spillmann. 
unoublished observations). 

A comparison between bovine and human CNS myelin j.rote.n 
preparations demonstrated that human myelin was 20-40% more 
inhibitory than bovine myelin. After ge! purification of the achve 
components, this difference disappeared (A. A. Spillman. unpub.ished 
observations). This result suggests that human CNS myehn contains 
more inhibitory molecules per unit of white matter than bovine m> ehn. 

Potent inhibitory activity could be found only in the molecular 
weight range between 200 and 300 kDa in human CNS myehn. 
Recent experiments showed that in bovine CNS myehn a smg.e 
protein band of -250 kDa correlated with strong collapse-inducing 
and aeurue outgrowth-inhibitory effects (A. A. Spillmann. C. E. 
Bandtlow and M. E- Schwab, unpublished), in the rat. two com- 
ponents, of molecular weigh; 250 and 35 kDa. have ocen .dem.net, 
'Caroni and Schwab. 1988a). Both these components are inactivated 
by the mAb IN-l (Caroni and Schwab, i988b). to our exr^nments 
we found that the mAb IN-1 was able to fully neutrauze human CNS 
myelin inhibitory activity in the assays for cell spreading, neuntc 
outgrowth and growth cone collapse. In the absence of the full 
purification of these inhibitory consti.uent(s) of human myelin ■ 
remains unclear whether one, several related or severa. different 
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molecules are involved. Although it has been shown that recombinant 
myelin-associated glycoprotein (MAG) had non-permissive substrate 
properties for adult dorsal root ganglion neurons, cerebellar neurons 
and the neuroblastoma cell line NG 108 (McKerracher et al, 1994; 
Mukhopadhyay et aL, 1994), recent studies suggest that MAG is not 
responsible for the inhibitory substrate effects on PC12 neurite 
outgrowth and 3T3 fibroblast spreading (Rubin et al, 1995). No 
difference in vivo and in vitro could be observed in the inhibitory 
effects of CNS myelin and in the lack of regeneration when wild- 
type animals were compared with MAG gene knockout animals 
(Bartsch et aL, 1996). These results show that MAG seems not to be 
a major inhibitory component, at least in the mouse. 

The neutralizing effect .of raAb EN-1 on human CNS myelin 
suggests thatJN-1 aatigenfc) may icontribute^o the failure of axon 
regeneratic^Mbwihg brain or spinal cord lesions also in humans. 
The observation that rat mAb IN-l-is able to neutralize the inhibitory 
effects of not only rat but also opossum, <bovine, frog and human 
CNS myefin mdicates a^lugWy conserved IN-1 epitope among the 
different species. 
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Abbreviations 



CHAPS 


(3-i(3-cholamidopTOpyl)-<iimethyiiimmonio j- : -propane 




sulphonate) 


CNS 


central nervous system 


FCS 


fetal calf serum 


mAb 


monoclonal antibody 


NGF 


nerve growth factor 


PC12 cells 


rat phaeochromocytorna cell line 


PS 


peniciliin + streptomycin 


SDS 


sodium dodecyl sulphate 


3T3 cells 


3T3 NTH fibroblast cell line 
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